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Abstract
In this study, the Fe41Co7Cr15Mo14C15B6Y2 bulk amorphous alloy with high glass-forming ability was prepared using the arc-
melting copper mold casting technique, and corresponding amorphous coating was obtained using the laser melt amorphous
powders on the surface of carbon steel. The corrosion resistance performance of the laser cladding coating in hydrochloric acid
was analyzed and tested in experiments under the conditions of different laser cladding speeds. The amorphous alloy coating
with different fabrication parameters have the difference internal structure, which lead to the difference corrosion resistance in
the same environment to some extent. The nature of amorphous alloy and the corrosion morphology were investigated using
XRD and SEM method, respectively. The corrosion experiments showed that: when the laser power was 3300W, the corrosion
resistance of four kinds of samples in hydrochloric acid from strong to weak as follows: as-cast sample > the coating with laser
cladding speed 110mm/min > the coating with laser cladding speed 120mm/min > the coating with laser cladding speed
130mm/min. The free corrosion current density of casting sample, sample 1, sample 2 and sample 3 is 3.304×10-6 A/cm2,
2.600×10-3 A/cm2, 2.030×10-3 A/cm2 and 3.396×10-4 A/cm2, respectively.
© 2013 The Authors. Published by Elsevier B.V.
Selection and peer-review under responsibility of the Chinese Heat Treatment Society.
Keywords: Fe-based bulk metallic glasses; laser cladding; amorphous coatings; corrosion resistance
1. Introduction
With the improvement of technology, a number of new amorphous materials emerged from 1950s (Duwez and
Lin,1967), including amorphous alloy, amorphous semiconductors, amorphous superconductors, amorphous ion
conductors, organic polymer glass and so on. The disordered arrangement of atoms in alloy amorphous is similar to
glass, so called it as metal glass. It is a structure of metastable in thermodynamics, and it has the characteristics of
short-range order and long-range disorder (Farmer and Frank et al., 2009 ), its atoms in three-dimensional space is
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ordered topological disorder, the metal keeps this state relatively stable in a certain temperature range, and can
overcome a certain size barrier and translate to crystalline above the crystallization temperature. Studies convince
that it exists two kinds of short-range orders in every atoms surrounding: 1)An atom with a type of nearest
neighbor atoms, is called chemical short range order; 2) these specific types of atoms in space-specific
accumulation, are called topological short-range order. Because of the existence of these two short-range orders,
amorphous alloy shows the excellent physical, chemical and dynamical properties. So it has broad application
prospects in aerospace, automotive, precision manufacturing, telecommunications and computer, biomedical area
and so on.
Fe-based bulk amorphous alloys with high strength, good soft magnetic properties, high thermal stability and
excellent corrosion resistance, which provide good application prospect (Yoshioka and Asami et al., 1987). Because
tremendous products damage is caused by corrosion in the modern, so this new material (Fe-based bulk
amorphous alloys) with excellent anti-corrosion property has potential application in corrosion resistance fields
(Song and Kim et al.,2005). Preparation technology of bulk amorphous alloy has become mature, it is hopeful for
Fe-based bulk metallic glasses take place of some anti-corrosion materials. Not only the lifetime of material can be
extremely improved, but also it has significant meaning to deeply study corrosion resistance theory of this new Fe-
based bulk metallic glasses.
2. Experimental methods
The main task of this work is to study corrosion resistance property of Fe41Co7Cr15Mo14C15B6Y2 (at%) bulk
amorphous alloy and that of its coating. Raw material are: pure-iron industry(Fe, 990.9%), FeB (containing B is 21%)
alloys, electrolysis preparing pure Co, FeMo (Mo, 60at%) ,FeCr (Cr, 65at%) , Y (Y, 99.9%) and C stick (C, 99.9%).
The Fe-based bulk metallic glasses ingot was fabricated by WK-type non-consumable vacuum arc furnace. The
Fe41Co7Cr15Mo14C15B6Y2 amorphous alloy powder which particle sizes in the range of less than 50m can be
produced using the gas atomization method and can be deposited as coating onto carbon steel substrate by laser
cladding technique using different speed 130mm/min, 120mm/min and 110mm/min at power 3300W.
The X-ray diffraction(XRD) test was undertaken on a diffractometer using copper Ka radiation, the scanning rate
of 1o/min for 10o-90o range of 2 . The corrosion morphology of coating were carried out by FEI Quanta200
scanning electron microscope(SEM).The electrochemical polarization curves test were carried out at the open
circuit potential via AutolabPGSTAT30 system produced by Eco Chemie company at room temperature. Prior to the
polarization curves, a stabilization period of 40min was allowed, which proved to be sufficient to attain a stable
value for open circuit potential. Potentiodynamic corrosion tests of anodically polarized samples of each
coating(100mm2 surface area) were made at a scanning rate of 1mVs-1 at room temperature.
3. Results and discussion
X-ray diffraction is an important way to analysis the structure and determine the crystalline phase and gets a
wide application in the study of amorphous alloys (Lu and Ng, 2000). Fig.1, Fig.2, Fig.3 and Fig.4 are the XRD
diffraction patterns of the Fe41Co7Cr15Mo14C15B6Y2 bulk amorphous alloy casting and its sample 1, sample 2,
sample 3 coating respectively. Fig.1 shows that the casting sample appears only a diffuse scattering peak at about
44° , and it does not appear the sharp crystallization peak in the other positions. It indicates that the casting is
amorphous structure. From Fig.2, Fig.3 and Fig.4, it can be seen that there is a sharp crystallization peak at about
44° and the crystallization phase is -Fe. Emerging different content of-Fe phase indicates that the speed of
laser cladding could affect the internal structure of coating.
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Fig.1 XRD diffraction pattern of Fe41Co7Cr15Mo14C15B6Y2 bulk amorphous alloy
Fig.2 XRD diffraction pattern of sample 1 coating
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Fig.3 XRD diffraction pattern of sample 2 coating
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Fig.4 XRD diffraction pattern of sample 3 coating
According to electrochemical principles, metal alloy’s electrochemical corrosion behavior in the corrosive media
can be showed through polarization curves, which gets the parameters of corrosion potential, corrosion current
and polarization resistance for the analysis(Badawy and Kharafi, 1998).
Fig.5 manifests the polarization curves of the Fe41Co7Cr15Mo14C15B6Y2 bulk amorphous alloys samples and
its Sample 1, 2, 3 coating in the 1mol/L HCL solution. In the Anodic polarization curve, current density enlarges
greatly with the increasing of potential. When Anodic polarization curve is recessing to the left, current is
decreased. The metal surface is oxidized by large enough external anodic current and emerges a passive film with
high corrosion resistance. For sample 1, 2 and 3 coating, corrosion potential continue to increase over the recessed
point, corrosion current density decrease slightly, then it rises. For as-casting specimen, current density increase
rapidly when the potential is over passive point. When the passive film is dissolved due to the effect of external
current, alloy starts to be corroded again.
Fig.5 Polarization curves of samples in 1mol/L HCl solution
We can see from Fig.5, Fe41Co7Cr15Mo14C15B6Y2 bulk amorphous alloy and its coating appears passivation
phenomenon when they are in the process of anodic polarization. Table 1 lists the free corrosion potential and free
corrosion current density of four kinds of samples. The free corrosion current of casting sample is 3.304×10-6
A/cm2, the free corrosion current density of sample 1 is 2.600×10-3 A/cm2, the free corrosion current density of
sample 2 is 2.030×10-3 A/cm2, and the free corrosion current density of sample 3 is 3.396× 10-4 A/cm2. So the
corrosion resistance in the 1mol/L HCL solution from strong to weak orders as follows: as-casting specimen >
Sample 3 coating > Sample 2 coating > Sample 1 coating. The speed of laser cladding play an important role in the
corrosion resistance of coating (Lu and Rong et al., 2007). When the speed is 110mm/min, sample 3 coating has the
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best corrosion resistance. When the speed is 120mm/min, the corrosion resistance of sample 2 coating is not very
good. Sample 1 coating has the worst corrosion resistance with 130mm/min.
Table 1 Electrochemical parameters of the four kinds of samples tested in 1mol/L HCl solution at room temperature
Number of
sample
Free corrosion
potentialV 
Free corrosion current
densityA/cm2 structure
Sample 1
Sample 2
Sample 3
as-casting
-0.364
-0.364
-0.338
-0.228
2.600×10-3
2.030×10-3
3.396×10-4
3.304×10-6
coating
coating
coating
casting
The polarization curves indicate that four kinds of samples have excellent corrosion resistance in 1 mol/L HCl
solution. So Cl- ion also is the significant factor for amorphous pitting corrosion in the action process of
electrochemical corrosion. It can be explained that Fe-based amorphous coatings alloy contains a great amount of
amorphous phase, but there is a part of  -Fe phase. For the hydrogen evolution reaction of Fe in HCl, it is
considered to be a charge transfer step or a control of active step generally. H+ ion concentration is the first rank
reaction, so cathodic H+ ion precipitation accelerates with the increase of H+ ion concentration. But when HCl
concentration reaches to a certain value, Cl- ion strongly inhale in solution, so inhaling of Cl- maybe tend to
saturation and make the surface of Fe atom to take the negative charge, further promote the inhaling of H+. In
other words, when concentration of HCl is high, the HCl molecules are actually attached on the interface of Fe
(Khun and Liu, 2009). So the presence of H+ ion would reduce the corrosion resistance of coating alloy in HCl
solution.
Fig.6 SEMmicrographs of surface of samples in 1mol/L HCl solution
a)as-as-cast sample b) the 1st coating c) the 2nd coating d) the 3rd coating
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Shown in Fig.6, there was no prodigious change in the surface of the as-cast samples after being accelerated
corrosion in 1mol/L HCl for 24h, and as-cast sample also had an excellent corrosion resistance in 1mol/L HCL
solution. However, there was markedly changes in the surface of other three sample. The dense pitting was maybe
caused by some influence of Cl- ion, and H+ ion also had some influence in the phenomenon, and its special reason
listed above. Contrasting with b), c) and d) diagram, it can be found that the surface corrosion pit of the 1st coating
with 130mm/min was largest and irregular in Fig.6 b), corrosion pit of the 2st coating with 120mm/min was small
and irregular in Fig.6 c), corrosion pit of the 3st coating with 110mm/min was the most regular among all samples
as shown in Fig.6 d). So it can be seen that the different speed of laser cladding can influence the corrosion
resistance (Mikame, 1992). It also manifested that as-cast sample has the best corrosion resistance and sample 1
coating has the least corrosion resistance.
4. Conclusion
The corrosion resistance performance of the Fe41Co7Cr15Mo14C15B6Y2 bulk amorphous alloy and its laser
cladding coating in hydrochloric acid is obtained under the conditions of different laser cladding speeds. This
illustrates that the corrosion resistance of amorphous alloy has a certain relationship with the internal structure of
alloys. The free corrosion current density of casting sample, sample 1, sample 2 and sample 3 is 3.304× 10-6
A/cm2, 2.600×10-3 A/cm2, 2.030×10-3 A/cm2 and 3.396×10-4 A/cm2, respectively. From the corrosion surface
characterization, it can be found that the as-casting sample has the best corrosion resistance. The different speed
of laser cladding can affect the internal structure of coating and lead to difference of corrosion resistance. When
the speed is 110mm/min, sample 3 coating has an excellent corrosion resistance. When the speed is 120mm/min,
the corrosion resistance of sample 2 coating is not very good. Sample 1 coating has the worst corrosion resistance
with 130mm/min.
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